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| 1. Review of published work between March 1980 and March 1981.

Van der Ziel and van Vliet (1) published a paper on
temperature fluctuation noise in thin pyroelectric films on a
fhicker substrate. 'They showed how the white noise of the
incoming and emitted radiation is transformed into 1/f
temperature fluctuation noise. Here we have a model that
directly transforms white noise into 1/f noise without gxplicit
recourse to a distribution of time constants. Unfortunately

this 1/f noise is masked by a 1/1?1/2

noise spectrum due to

spontaneous temperature fluctuations in the layer and the substrate.
Suh and van der Ziel (2) published measurements on NEC

GaAs MESFETs which showed a transition from 1/f to l/f2 noise

| of the form
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for To T <17y and zero otherwise. The agreement between ~\\\
theorctical considerations and the experimental data is the ~
P

first proof of the existence of this effect.

Liu, Tufte, van der Ziel, Pai and Larson (3) measured noise
in phosphorus-implanted buried-channel MOSFETs at low drain bias.
They found some indication of g-r noise at lower frequencies and
thermal-like noise at higher frequencies. The g~r bumps were not

very pronounced and the noise spectrum could roughly be approximated




by a 1/f noise spectrum. The magnitude of this quasi l/f'noise.
was close to the 1/f noise expected from the oxide itself and

resulted in a relatively low value of the Hooge paramcter Oy e
Liu and van der %iel (4) measured high-frequency noise in

weakly inverted MOSFETs. The noise is thermal noise of the form
sId(f) = (2/3) 4kT g .

where I is the transconductance, and not shot noise of the

current Id’

2. Review of papers in the press.

Park, van der Ziel and Liu (5) measured 1/f noise in
MOSFETs at low drain voltages and evaluated the effective trap
density at the Fermi level, NT(Ef)eff’ of the number fluctuation

model and the Hooge parameter, of the mobility fluctuation

Oy
model. Both parameters had reasonable values, so that either

theory could be viable. It should be noted that the value of

3

a., was considerably smaller than the value 2 x 10 ° originally

H

proposed by Hooge.
Park, van der Ziel, Zijlstra and Liu (6) discriminated

between the number fluctuation and the mobility fluctuation models

in MOSFETs by measuring SId(f) as a function of the drain voltage

Vd’ where Vd varied from low values through saturation. 1In the

first model SId(f) should monotonically increase with Va until

(£f) should show peak well

I
a
before saturation. This is due to the fact that NT(Ef)eff should

saturation, whereas in the other model S

be independent of the field, whereas the Hooge parameter oy decreases
strongly with increasing field. Some devices were found to agree

with the one model, whereas others agreed with the other.




)

In a subsequent paper van der Ziel, Zijlstra and Park (7)
calculated the integrals proposed in the previous paper and so
replaced the qualitative discussion by a quantitative one, thus
putting that theory on a firm basis. The cffects of the high-field

mobility and the field-dependent a,, greatly reduce the noise near

H

'saturation, not only in MOSFETs, but even more so in JFETs. This

might make it possible to explain the absence of 1/f noise in
low-noise JFETs by a mobility fluctuation noise with a low-field
value of a, of the order of 1076,

Suh and van der Ziel (8) applied the discrimination approach
to NEC GaAs MESFETs operating in the.l/f part of the spectrum.
Both models could qualitatively explain the data, but the mobility
fluctuation model might be more likely, since it operates at
lower electric fields.

Van der Ziel (9) calculated the thermal noise in the semi-
conductor regime of double—injection space-charge-limited
solid-state diodes by a new method that removes a difficulty in
an earlier theory developed under a previous ARO contract.

Kim and van der Ziel (10) measured hot electron noise and
g-r noise in short-channel MOSFETs as a function of the gate
bias and of temperature. There is g-r noise due to partly ionized
donors at lower temperatures and hot electron noise at higher
temperatures. The g-r noise masks the hot electron noise below
130°K.

Kim, van der Ziel and Liu (ll) measured hot electron noise
effects in buried channel MOSFETs. They found noise that increased
with decreasing temperature and also increased with increasing

values of (Vg - VT).
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3. Outlook for future work.

We did measurcments on various MOSFET device paramcters,

such as surface mobility, NT(Ef)eff and o on oxide thickness.

H’
The results showed complicated dependences. This problem requires
substantial looking into.

We did noise measurements on JFETs and found 1/f noise in
some units. Hooge's parameter oy had a moderate value of

5

5 x 10~ at low fields. We found tha. 5, (f) does not vary as Vg

I
at low fields, as expected theoretically.d We expect to look into
this problem further; especially we want to investigate whether
the theory of reference (7) can explain the data.

We have made measurements of 1/f noise in GaAs current

limiters as a function of the device voltage V The noise varies

a°
as Vé at low values of Vd’ as expected theoretically, passes
through a maximum before saturation and then levels off to a
constant value at saturation. The 1/f noisc at saturation is so
large that one has to go to the GHz frequency range to see hot
electron noise. We will do considerably more work on this problem.
We are measuring 1/f noise and thermal noise in ballistic
GaAs diodes. The devices have a low internal resistance and the
low-frequency noise is difficult to measure against a pick-up
noise background. The 1/f noise, if any, seems to be relatively
small. The thermal noise is of the order of the thermal noise
of the a.c. conductance. It might be possible to use thermal
noise measurements in order to discriminate between ballistic
and space-~charge-limited operation.
Amberiadis (12) measured 1/f noise in gate-controlled ion-

implanted epitaxial resistors under another contract. He found




a very considerable increase in noise at the onset of strong
inversion. 1If the noise were due to number fluctuations, the
noise would decrease strongly because the holes no longer interact
with the surface at strong inversion. If the.noise were due to
bulk mobility fluctuations, there would be a slight increase in
the noise due to the small increase in resistance. The increase
in noise by more than two orders of magnitude can only be explained
as surface-controlled mobility fluctuations as proposecd earlier

by Jindal and van der Ziel under a previous grant (13). This
model assumes that the fluctuating occupancy of the oxide traps
modulates the surface potential, and this, in turn, modulates

the surface scattering of the carriers and hence the mobility.

We believe that this may be of considerable importance for
understanding 1/f noise in semiconductors in general and semi-

conductor devices such as MOSFETs in particular.
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